Background: Postoperative intra-abdominal adhesion formation is a common cause of small bowel obstruction (SBO). Adhesions causing SBO are classed as either matted adhesions or solitary band adhesions. The aim of this study was to investigate the prevalence of previous abdominal surgery in a cohort of patients operated for bowel obstruction and to analyze the causes of obstruction discovered at surgery. Materials and methods: The study was performed at a county hospital with a catchment population of 120 000 inhabitants. Records of operations performed for bowel obstruction over a period of 70 months were retrieved. Results: Of the 196 surgical procedures for intestinal obstruction included, 108 (55%) were caused by adhesions. In this group, 42 (39%) were due to solitary band adhesions and 66 (61%) were due to matted adhesions. Ten of 18 male patients (56%) with a solitary obstructing band had not undergone previous abdominal surgery (p < 0.05). In the cohort as a whole, a significant number of surgical procedures were performed for solitary band adhesions in patients without prior history of surgery (p < 0.01). Conclusion: In male patients, not only previous abdominal surgery but also other factors appear to increase the risk for bowel obstruction due to a solitary band. For intestinal obstruction caused by matted adhesions, however, previous abdominal surgery is the main risk factor in both genders. Patients with signs of SBO but without previous abdominal surgery should be managed bearing in mind that solitary band adhesion and thereby strangulation may be present regardless of previous surgery or not.
Introduction
Intra-abdominal adhesion formation after previous surgery is the most common cause of small bowel obstruction (SBO) as reported in several studies [1] [2] [3] . Historically, the extent of adhesions formed has been thought to depend on the magnitude of previously performed surgery. In autopsy material, adhesions have been found after minor, major and multiple abdominal operations in 51%, 72% and 93% respectively [4] . The overall incidence of adhesion-related small bowel obstruction (ASBO) after previous surgery has been estimated to be 4.6%, with the highest incidence associated with ileal pouch-anal anastomosis, followed by open colectomy (19.3% and 9.5%, respectively). For gynecologic procedures, the highest incidence occurs after open adnexal surgery [5] .
Other factors contributing to adhesion formation include abrasion, desiccation and exposure to foreign materials such as gauze and talc or starch glove powder [6] . Depending on the extent of surgical trauma, it has been suggested that laparoscopic surgery reduces the tendency to form adhesions compared to open surgery [7] . Results so far published in the literature are conflicting; some authors report that open surgery quadruples the risk for SBO compared to laparoscopy [8] while other studies do not support this finding [9] . Two recently published systematic reviews did indeed find a reduction in the frequency of early and late postoperative bowel obstruction after laparoscopic compared to open procedures in colorectal surgery and appendectomy [10, 11] . Postsurgical adhesions also affect later surgery, and it has been demonstrated that the duration of surgery for laparotomy increases by a median of 15 min in patients with previous surgery [12] .
Adhesions are usually classed as solitary band or multiple dense matted adhesions [13] . This is of clinical importance since SBO from solitary bands is more likely to be associated with bowel ischemia and necrosis caused by strangulation compared to SBO caused by matted https://doi.org/10.1016/j.amsu.2018.11.007 Received 11 July 2018; Received in revised form 30 October 2018; Accepted 6 November 2018 adhesions [14] . The nature of adhesion-related bowel obstruction seems to affect the recurrence prognosis. Readmission after surgery for SBO caused by matted adhesions has been estimated to be 49% compared to 25% for patients with a solitary band [15] . A possible gender difference in the risk for postsurgical adhesions has not been extensively studied and needs further investigation.
The purpose of this study was to explore the prevalence of previous abdominal surgery in a cohort of patients operated for bowel obstruction over a defined period of time at a county hospital, and to analyze the causes of intestinal obstruction identified at surgery.
Material and methods

Design
This study was performed at a regional county hospital in Sweden, with a catchment population of 120 000 according to the citizen registry. Data concerning operations for bowel obstruction over a period of 70 months, from January 1st , 2006 to October 31st , 2011, were retrieved from the database for perioperative planning (ORSuite ® , IntegraSys) used by the hospital. Codes for bowel obstruction according to the International Classification of Diseases, 10th Revision (ICD-10) included: K56.5 (Intestinal adhesion with obstruction); K56.6 (Other and unspecified intestinal obstruction); K56.7 (Intestinal obstruction, unspecified); and K66.0 (Peritoneal adhesions).
The Swedish version of the Nordic Medico-Statistical Committee Classification of Surgical Procedures, version 1.9, was used to identify the type of surgical procedure performed for bowel obstruction. Search terms included: JFK00 (Division of band adhesion); JFK10 (Adhesiolysis); JFK96 (Other separation of adhesion during bowel obstruction); and JFL10 (Laparotomy and reposition or detorsion of intestine). Since miscoding has been indicated in previous papers, codes were selected to assure inclusion of all procedures related to intestinal obstruction caused by adhesions [16, 17] . The medical records of all surgical procedures performed were scrutinized to assess whether the adhesions were matted or solitary band. The presence of one or several bands of adhesion tissue was classed as a solitary band adhesion while extensive diffuse adhesions were classed as matted adhesions. This work has been reported in line with the STROCSS criteria [18] . The present human cohort study was registered in accordance with the Declaration of Helsinki at www.researchregistry.com (UIN: 4171).
Demographic information was gathered from the medical records, including previous and present surgery. Extraperitoneal procedures such as inguinal or ventral hernia repair were excluded. Data were recorded on standardized case report forms and then transferred to a computer spreadsheet program (Numbers, Apple Inc. Cupertino, CA, USA).
Ethics
The study protocol was approved by the local Ethics Committee.
Statistics
The statistical tests used were based on nominal data levels, including Pearson Chi-squared test as well as uni-and bivariate logistic regression. Odds ratios (OR) are displayed with 95% confidence interval (CI: 95%). A p-value < 0.05 was considered statistically significant. All statistical analyses were discussed with a statistician and were then calculated using the SPSS software (SPSS ver21, IBM, Armonk, New York, USA). 
Results
According to the protocol, 213 operations were identified of which 17 were excluded since no bowel obstruction was found at surgery. Intestinal obstruction was evident in the remaining 196 operations, and these procedures were included in this study (Fig. 1) .
The procedures included were performed on 182 patients, 99 (54%) women and 83 (46%) men (p = 0.236). Of these, 169 patients were operated once, 12 patients were operated twice and one patient was operated three times during the defined study period. The age distribution was similar between men and women with a median of 70 years for women (interquartile range [IQR] 19, range 20-99) and 71 years for men (IQR 19, range 20-95) years. In 196 procedures, 4 (2.0%) were performed on patients with a previous history of a single laparoscopic operation.
Bowel obstruction
The distribution of causes of bowel obstruction is shown in Table 1 . Adhesion-related intestinal obstruction was found at 108 operations (55%), and all but two cases in this group had SBO. The two exceptions were: a solitary adhesive band obstructing the transverse colon in a woman with no previous history of surgery; and colon obstruction due to extensive matted adhesions in a woman with previous multiple operations for gynecologic malignancy and ASBO (Fig. 1) .
Fifty-three operations (27%) were due to obstruction caused by malignant disease. The most common finding was colon obstruction caused by a tumor (32 operations), either a primary tumor of the colon or a metastasis from ovarian or prostatic cancer. The remaining 21 cases were SBO of which only three were caused by a primary neoplasm of the small intestine (carcinoid tumor in all cases). The remaining cases were caused by carcinomatosis.
Twelve cases (6%) were patients with luminal obstruction caused by inflammation. Other causes of bowel obstruction were found in 16 patients (8%) including: volvulus; gallstone; internal hernia; femoral hernia; and strictured anastomosis. These operations were erroneously registered and should have been assigned other surgical procedure codes.
The cause of intestinal obstruction was unknown in seven cases (4%), but according to the medical records these patients were suspected of having postoperative paralytic ileus, or possibly volvulus or internal hernia that had resolved spontaneously, and in one case packed feces was removed from the stoma.
Small bowel obstruction
In the cohort as a whole, 146 of 196 operations (74%) were due to small bowel obstruction (SBO) with no significant difference seen between genders. Adhesion was the most common cause of obstruction, resulting in 106 operations for SBO (73%) of which 87 (82% of all ASBOs) had a previous history of abdominal surgery (p < 0.001 comparing previous to no previous surgery). All causes of SBO are presented in Fig. 1 .
Solitary bands and matted adhesions
According to the type of adhesion found at surgery, 18 men and 24 women had solitary obstructive bands whereas 27 men and 39 women had matted adhesions.
Of the 18 male patients who had a solitary band as the cause of bowel obstruction, 8 had a previous history of abdominal surgery; the remaining 10 (56%) (p < 0.05) had never had abdominal surgery. Of the 24 women with a solitary band, only 3 (13%) (p = 0.150) had never had abdominal surgery, and one patient had previously been operated for adhesion-related bowel obstruction. In all, a significant number of surgical procedures for SBO caused by solitary band adhesions were performed in patients with no previous history of surgery (p < 0.01). A summary of obstructions caused by band and matted adhesions are presented in Table 2 .
Twenty-one of 27 men (78%) operated for obstruction caused by matted adhesions had a previous history of abdominal surgery, and seven (26%) had previously been operated for adhesion-related bowel obstruction. A risk factor for matted adhesion was previous surgery. For band adhesion factors other than previous surgery are important.
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This finding was even more prominent amongst the women. Of 39 operations performed on women for intestinal obstruction caused by matted adhesions, 38 patients (97%) had a previous history of abdominal surgery, and nine operations (23%) were performed on women who had had previous surgery for adhesion-related bowel obstruction. In all, 64% of procedures on men with adhesion-related bowel obstruction were performed on patients who had a previous history of abdominal surgery (P = 0.138), whereas the corresponding figure for women (including abdominal gynecologic procedures), was 94% (p < 0.001).
Discussion
Previous abdominal surgery was not found to be a dominant risk factor for small bowel obstruction caused by solitary band adhesions, unlike SBO caused by matted adhesions. Thirty-one per cent of patients (13 of 42) in whom solitary band adhesion was found to be the cause of intestinal obstruction at surgery, had never had abdominal surgery. Surprisingly, when previous abdominal surgery was dichotomized between yes or no, no previous surgery gave a significantly increased Odds Ratio in this group (p = 0.011, OR = 3.778, 95% CI: 1.361-10.485). Meissner et al. presented almost identical results where no previous history of surgery was seen in 6 of 19 (32%) cases of obstruction caused by a solitary band. However, their study was limited by the small number of procedures included [19] . These figures, however, are higher than those found in a study by Miller et al. at a single hospital between 1986 and 1996, where 17% of patients with SBO caused by a solitary band had not had previous surgery [15] .
Where matted adhesion-related bowel obstruction is concerned, the picture is quite different. In the present study, 89% of patients in this category had a history of abdominal surgery, and there was no gender difference. In particular, 24% had had previous surgery for ASBO. Miller et al. found that 9% of patients conservatively and surgically treated for ASBO, had no previous history of abdominal surgery [15] . In the subgroup including patients operated for SBO caused by matted adhesions, 5% had no previous history of abdominal surgery. In the same study Miller also reported that 53% of operations for small bowel obstruction were caused by matted adhesions, 45% by a solitary adhesive band, and another 2% by a combination of both at two locations [15] . Our results are similar, with 61% of adhesive intestinal obstructions being caused by matted adhesions when other causes of intestinal obstruction such as malignancy are excluded.
In a study by Fevang et al., 83% of their patients had had one or more abdominal procedures prior to the first operation for small bowel obstruction due to adhesions [20] . This figure resembles the 81% that had a previous history of abdominal surgery in the present study when all operations for obstruction caused by adhesions are combined.
There seems to be a clear difference between solitary band adhesion-related (snare obstruction or strangulation of a loop of the small intestine) and matted adhesion-related intestinal obstruction, as regards previous history of abdominal surgery. This is of clinical importance since there is a greater risk of bowel ischemia and necrosis in SBO caused by solitary bands compared to SBO caused by matted adhesions [14] . The reason for the striking difference regarding previous history of surgery in SBO due to solitary band adhesions, between men and women, is not clear. In our study, 56% of the men who had surgery for a solitary obstructing band had no previous history of abdominal surgery, compared to 13% in women. It would seem that there are other factors, not just previous surgery, that are important in the development of solitary band adhesions. To our knowledge, this has not been reported previously. Lorentzen et al. recently found that female gender is associated with increased risk for recurrence of adhesions after surgery for ASBO [21] . These findings indicate that the impact of gender on the formation of adhesions needs further investigation.
When all operations for matted and solitary band adhesions were considered together, the difference between genders remained, with 36% of men having never had surgery prior to adhesion-related intestinal obstruction, whereas the corresponding figure for women was [185] [186] [187] [188] [189] [190] only 6%. Adhesions were the cause of bowel obstruction in 55% of the operations in the present study. The overwhelming majority of these, more than 98%, were obstruction of the small intestine. Adhesions causing obstruction of the colon are uncommon but do occur, as described by Bevan [22] and Omori [23] .
In the present study, we have reviewed all operations for intestinal obstruction over a defined period of time. We believe that this provides a better way of understanding causes of intestinal obstruction than exploring a cohort that includes patients treated non-surgically.
Comparison with other studies is difficult due to differences in inclusion criteria. An overview of studies with inclusion criteria similar to ours is presented in Table 3 [1, 15, [19] [20] [21] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] .
During the time period of this study, a total of 6823 surgical and urological theater-based procedures were performed at the hospital. Of these 2575 were open or laparoscopic intra-abdominal procedures (hernias excluded). The 108 operations performed for small bowel obstruction caused by adhesions thus comprised 4.2% of all procedures in this study. This is a somewhat higher figure than that described by Menzies and Ellis for the period 1964-1988 at a single hospital, where 3.3% of all laparotomies were performed for adhesion-related bowel obstruction [36] . This result is surprising since we expected to find a decrease in adhesion-related bowel obstruction after the introduction of laparoscopic surgery and minimally invasive procedures. One explanation for this could be the difference in inclusion criteria between the earlier series and the present. Another possibility is the fall in the number of explorative laparotomies performed as a result of the increasing use of computer tomography, often disclosing disease not requiring surgery. Furthermore, some surgical procedures have become obsolete after the introduction of new forms of therapy. A good example of this is the rarity of ventricle resection in the management of ulcer due to the introduction of proton pump inhibitors (PPI).
Recurrence rates of adhesions after surgery for ASBO are high: Landercasper et al. estimated an adhesion-related SBO recurrence rate of 30-40% [25] ; Lorentzen et al. had a recurrence rate of 12.1% after surgery for ASBO over a median follow-up of 2.2 years [21] ; and Fevang et al. found cumulative recurrence rates after surgery for ASBO of 18% after 10 years and 29% at 25 years [20] . These figures are comparable to the recurrence rate in our study, and highlight the problem of recurrence after surgery for ASBO.
Beardsley et al. found adhesions to be the cause of SBO in 76% of 49 patients without a previous history of laparotomy or known disease as underlying cause [37] . In the subgroup of 34 patients requiring laparotomy, adhesions were the cause of SBO in 51%. In the present study, 36 of 146 patients with SBO had no previous history of abdominal surgery, and in 19 of those patients (53%) the cause of SBO was adhesions.
In a study by Angenete et al. the incidence of adhesion-related SBO turned out to be 0.4-13.9%. Not only previous surgery, but also age, sex and comorbidity were risk factors for adhesion-related SBO. They concluded that the risk for adhesion-related SBO after open abdominal surgery was up to 4 times the risk after a laparoscopic procedure [8] .
Conclusions
In male patients, risk factors other than just previous abdominal surgery appear to play a role in adhesion-related small bowel obstruction caused by solitary band adhesion. On the other hand, previous abdominal surgery seems to be the main risk factor for future intestinal obstruction caused by matted adhesions regardless of gender. From the surgical point of view, those managing patients without a previous history of abdominal surgery who show signs of obstruction, should be aware that the risk for solitary band adhesion-related obstruction and thereby strangulation does exist.
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